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ABSTRACT* 

Recent studies have demonstrated that extended high 
frequencies (EHFs; >8 kHz) in speech are audible and 
useful for speech recognition. In this paper I review recent 
and ongoing work in our lab examining audibility of EHF 
cues in speech and the conditions under which these cues 
are useful. Mismatches in head orientations between a 
target talker (facing the listener) and masker talkers (not 
facing the listener) influence the utility of EHFs. For 
example, EHFs provide a speech recognition benefit when 
masker talkers are facing away from the listener. Spatial 
separation of target and maskers may also influence this 
relationship. Our data indicate that EHF cues in speech are 
useful in real-world auditory scenes, suggesting the loss of 
EHF hearing, which typically begins in early adulthood, 
could contribute to speech-in-noise difficulties. 
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1. INTRODUCTION 

Extended high-frequencies (EHFs; >8 kHz) in speech have 
largely been unstudied until recently, likely due to early 
studies that concluded frequencies >7 kHz provide 
negligible benefit for speech intelligibility [1]. However, 
these early studies, driven by the desire to improve 
telecommunication, may not have considered other 
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ecologically relevant scenarios in which EHFs could be 
beneficial for speech perception. The utility of EHF cues for 
speech perception has again been the topic of a number of 
recent studies [2-7]. Notably, EHFs in speech are audible 
[8-9], and audible EHF cues have been found to contribute 
to the detection and perception of speech, leading to 
improvements in: speech recognition for adults [2-6] and 
children [7]; speech localization [10]; discrimination of 
talker head orientation [2]; and speech and voice quality [9, 
11]. 

2. METHODS 

Investigations in our lab have included different 
experimental methods that have been published. To 
determine the benefit of EHFs, several of our studies have 
compared listener performance for perceptual tasks using 
full-band speech to performance using speech low-pass 
filtered at 8 kHz. It should be emphasized that critical 
methodology for examining EHFs includes using full-band 
speech signals that have been recorded on axis (i.e., directly 
in front of a talker) at a sampling rate of 44.1 kHz or higher, 
with microphones that have a flat frequency response to 20 
kHz. Recording directly on axis is important because EHFs 
are highly directional toward the front of a talker [12-13], 
and common practices of recording slightly off axis or at 
other locations (e.g., using a lavalier microphone pinned to 
the chest) can disproportionately affect the EHF spectral 
levels recorded. For our studies, we have typically acquired 
and used anechoic speech recordings. 
 
Transducers are important to consider for presentation of 
speech, as well. Headphone presentation can be especially 
problematic as most headphones deviate from a flat 
response at EHFs. For sound-field presentation, 
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loudspeakers with a flat frequency response to 20 kHz are 
necessary, but are relatively easy to acquire. 
 
Other aspects of the experimental setup must also be 
carefully considered, including the presence of reflective 
surfaces in the recording environment or listening 
environment. Given that wavelengths for sounds between 8 
and 16 kHz range between ~2-4 cm, any surface or object 
with dimensions larger than this has the potential to affect 
EHF levels received at a microphone during recording, or at 
the ear the of the listener during stimulus presentation. 

3. RESULTS AND DISCUSSION 

A number of findings have resulted from our studies. We 
found that listeners demonstrated marked sensitivity to 
EHFs in speech. For example, the maximum audible low-
pass filter cutoff frequency for speech was ~13 kHz for 
young adult listeners with typical hearing [8], indicating the 
13-20-kHz band contains detectable information regarding 
the speech signal. Young, typical-hearing adult listeners 
could also detect speech spectral level changes of ~5-10 dB 
at EHFs [9]. In both studies, pure-tone thresholds at 16 kHz 
were correlated with audibility of EHFs in speech. 
 
Given listeners’ sensitivity to EHFs in speech, and 
considering that EHFs are highly directional, it seemed 
reasonable to expect that EHF cues would be useful in 
determining the head orientation of a talker. That is, the 
rotating of the head results in reduced EHF levels for the 
speech, providing a cue for detecting talker head 
orientation. Indeed, we found that the minimum audible 
change in head orientation (MACHO) was ~41º for full-
band speech, whereas this sensitivity dropped to ~55º when 
speech signals were low-pass filtered at 8 kHz [2]. 
 
EHFs also contributed to speech recognition. Using only 
frequencies >6 kHz (i.e., high-pass filtered speech), adult 
listeners were able to discriminate consonants and vowels 
significantly better than chance [14]. For full-band speech, 
EHFs provided a speech recognition benefit when masker 
talkers were facing away from the listener for both adult 
listeners [2, 4] and for children [7]. This is likely because 
the rotating of the masker talkers’ heads leads to reduced 
EHF levels, unmasking EHFs in the target speech. 
Interestingly, pure-tone thresholds at 16 kHz were 
correlated with full-band speech-in-speech recognition 
when masker talkers faced away from the listener, but not 
when masker talkers faced the listener, and this was true 

whether target and masker were co-located or were spatially 
separated [15]. 

4. CONCLUSIONS 

In sum, EHFs in speech are audible and provide useful 
information for speech detection and recognition. We 
are continuing to investigate how the utility of EHF 
cues changes in real-world scenes that include 
mismatches in head orientations between a target talker 
and masker talkers, mismatches in spatial location, and 
reverberation. 
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